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Renal mucous production in Australian freshwater plotosid
and ariid catfishes
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This study reports the presence of large mucous cells lining the large renal collecting ducts and
opisthonephric ducts of the Australian freshwater catfishes Tandanus tandanus and Tandanus trop-
icanus. Histologic examination of the renal tissue from four other species of Australian freshwater
catfishes suggests that this feature is unique to the two species of Tandanus studied. The potential
functions of renal mucous secretion in T. tandanus and T. tropicanus are discussed.
© 2016 The Fisheries Society of the British Isles
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Fish mucus is a multifunctional material with a wide range of roles (Shephard, 1993;
Vatsos et al., 2010; Esteban, 2012; Guardiola et al., 2014). It provides a relatively
impermeable layer of mechanical protection and lubrication (Shephard, 1993), absorbs
ultra-violet radiation (Zamzow & Losey, 2002) and neutralizes pathogens (Guardiola
et al., 2014). Although the protective function of mucus is perhaps the most widely
studied, additional roles for fish mucus in reproduction (Hentschel, 1979), communi-
cation (Liley, 1982; Zamzow & Losey, 2002), osmoregulation (Marshall, 1978) and
feeding (Buckley et al., 2010) have also been proposed (Shephard, 1993). The produc-
tion, composition and role of mucus can be highly variable between species. Hence, an
understanding of the role of mucus at a species level may provide valuable information
on interspecific variation in survival factors such as disease susceptibility, environmen-
tal tolerance and reproductive biology.
The majority of mucus is produced by goblet cells, which are present in almost all
epithelial surfaces of fishes, including the skin, gills, gastrointestinal tract and renal
tubules (Shephard, 1993). Most studies of fish mucus have focussed on the mucous
layer of the gills, gastrointestinal tract and epidermis (Shephard, 1993; Esteban, 2012;
Guardiola et al., 2014). Although goblet cells are frequently observed in the renal col-
lecting ducts of fishes (Longley & Burtner, 1963), studies on renal mucous production
is generally lacking. Specialised renal mucous production, however, has been identi-
fied in a handful of species, including several members of the family Gasterosteidae
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(Wai & Hoar, 1963; Hentschel, 1979; de Ruiter & Mein, 1982; Jakobsson et al., 1999)
and bullhead Cottus gobio L. 1758 (Bucher & Hofer, 1993) during the breeding season.
Despite the wide range of proposed functions for mucus in fishes, reports of specialised
renal mucous production in teleosts are rare.
Although the occurrence of renal mucous secretion for specialised purposes is
uncommon, studies on the normal renal histology of fishes provides valuable informa-
tion on the important link between fish physiology, behaviour and their environment
and sheds light on the diverse role of mucus in fishes. As far as is known, this is the first
report of the renal mucous production of six species of Australian ariid and plotosid
catfishes, including the presence of large mucus-secreting cells lining the collecting
and opisthonephric ducts of the freshwater catfish Tandanus tandanus (Mitchell 1838)
and the wet tropics tandan Tandanus tropicanus Welsh, Jerry & Burrows 2014.
As part of a larger survey on the health of native catfishes in northern Australia, 210
catfishes were collected between May 2014 and February 2015, using a combination
of single-wing fyke nets, handlines and electrofishing. Specimens were collected from
the Bloomfield River (15·9868∘ S; 145·2882∘ E), Barron River (17·2611∘ S; 145·5378∘
E), Mazlin Creek (17·2533∘ S; 145·4769∘ E), Priors Creek (17·2537∘ S; 145·4792∘
E), Piebald Creek (17·2770∘ S; 145·4721∘ E), Goondaloo Creek (a tributary of Ross
River, 19·3232∘ S; 146·7630∘ E), Bullyard Creek (a tributary of Tully River, 17·8818∘
S; 145·8412∘ E), Burnett River (25·1336∘ S; 151·9835∘ E; 25·2304∘ S; 152·0116∘
E), Mary River (26·0342∘ S; 152·5106∘ E; 26·3319∘ S; 152·7020∘ E), Brisbane River
(27·5446∘ S; 152·7972∘ E), Palm Tree Creek (a tributary of Pioneer River, 21·1540∘ S;
148·7266∘ E) and Logan River (27·7609∘ S 153·067∘ E) in Queensland, the Ord River
(15·7932∘ S; 128·7177∘ E; 15·7881∘ S; 128·7377∘ E) in Western Australia and Rapid
Creek (12·3955∘ S; 130·8722∘ E) in the Northern Territory. Eighty-one blue salmon cat-
fish Neoarius graeffei (Kner & Steindachner 1867), 51 T. tandanus, 37 T. tropicanus, 17
Glencoe tandan Neosilurus hyrtlii Steindachner 1867, 12 narrow front tandan Neosilu-
rus ater (Perugia 1894) and 12 silver cobbler Neoarius midgleyorum (Kailola & Pierce
1988) were examined. Both males and females and a range of juveniles and adults were
collected. Specimens were euthanized by prolonged immersion in an anaesthetic bath
of isoeugenol (Aqui-S; www.aqui-s.com). As part of a standard post-mortem (Aus-
tralian Government, Department of Agriculture and Water Resources, 2015), all inter-
nal organs were removed and immediately placed in 10% neutral buffered formalin for
at least 24 h. Following formalin fixation, tissues containing bone were demineralised
in 5% nitric acid for 1 h before routine histo-processing and embedding in paraffin wax.
One 5𝜇m section of the trunk kidney from each fish was stained with haematoxylin and
eosin (H&E) and selected sections were stained with periodic acid Schiff (PAS; Totty,
2002), PAS and diastase (PAS-D) and alcian blue–PAS (AB-PAS; Myers et al., 2008),
for examination by light microscopy. Slides were examined on an Olympus BX41 lab-
oratory microscope and images taken on an Olympus BX51 system microscope, using
an Olympus DP70 microscope digital camera and software (www.olympus.com).
The small collecting ducts of N. graeffei and N. midgleyorum were composed of
simple columnar epithelial cells surrounded by a thin layer of connective tissue. The
large collecting and opisthonephric ducts were lined by pseudostratified columnar
epithelium, surrounded by a thick layer of connective tissue (Fig. 1). Goblet cells
were present intermittently within the epithelial layer of the collecting ducts and
intraepithelial leukocytes were also frequently observed. The goblet cells present




















































































Fig. 1. Opisthonephric duct of Neoarius graeffei, composed of pseudostratified columnar epithelium (E), and
surrounded by a thick layer of connective tissue (C). Goblet cells (G) are visible within the epithelial cell
layer. Haematoxylin and eosin staining.
diastase digestion, indicating the presence of a glycoconjugate other than glycogen
(Myers et al., 2008). When stained with AB-PAS, the material within the goblet cells
stained magenta, indicating the presence of neutral mucins (Myers et al., 2008). The
collecting and opisthonephric duct morphology of N. graeffei and N. midgleyorum
is similar to the renal morphology reported in walking catfish Clarias batrachus
(L. 1758) (Chinabut et al., 1991).
The small collecting ducts of N. hyrtlii and N. ater were composed of simple cuboidal
to columnar epithelial cells surrounded by a thin layer of connective tissue. Large col-
lecting ducts were lined by simple columnar to pseudostratified epithelium. Distinct
goblet cells were rarely observed in collecting or opisthonephric ducts of N. hyrtlii and
N. ater. The apical aspects of N. hyrtlii and N. ater collecting duct epithelial cells, how-
ever, stained pink with PAS-D and magenta with AB-PAS; this staining pattern was not
observed in the collecting duct epithelial cells of N. midgleyorum or N. graeffei. The
collecting and opisthonephric duct morphology of N. ater and N. hyrtlii is compara-
ble with the renal morphology reported in African catfish Clarias gariepinus (Burchell
1822) (Ekele & Callistus, 2014). Similar to the staining results observed in this study,
the apical aspects of the distal tubule epithelial cells also stained positive with alcian
blue in C. gariepinus. Ekele & Callistus (2014) suggest the presence of renal mucins
in this species may have a role in bacterial defence of the renal tubules.
The large collecting ducts and opisthonephric ducts of T. tandanus and T. tropi-
canus displayed significant morphological differences compared with other species
examined. The large collecting and opisthonephric ducts of all T. tandanus and T. trop-
icanus were lined by large cells containing foamy-appearing cytoplasm and basally
displaced nuclei (Figs 2 and 3). In small collecting ducts, the presence of these large
foamy-appearing cells was variable and occurred irregularly within each fish. The pres-
ence of these cells increased with the size of the collecting duct and in large collecting




















































































Fig. 2. Opisthonephric duct of Tandanus tandanus lined by mucous cells (M) with a foamy-appearing cytoplasm
and basally displaced nuclei (N). Haematoxylin and eosin staining.
examined, intraepithelial leukocytes were often observed within the epithelial layer
of large collecting ducts. The large, foamy-appearing epithelial cells of the collecting
ducts stained brightly eosinophilic with PAS, even after diastase digestion, indicating
the presence of a carbohydrate or glycoconjugate other than glycogen (Myers et al.,
2008). With AB-PAS, the contents of these cells stained predominantly magenta in
colour, indicating the presence of neutral mucins; however, small areas also stained
blue, suggesting that small amounts of acidic mucins are also produced by these cells
(Myers et al., 2008; Fig. 4). The morphological characteristics displayed by these cells
are typical of mucous cells (Kerr, 1998) and the histochemical staining with PAS, PASD
and AB-PAS of these cells also supports this classification.
The renal morphology of T. tandanus and T. tropicanus is significantly different
compared with the other species of catfishes examined in this study. Reports of col-
lecting ducts lined by mucous cells is unusual, however this finding has been reported
in species within the family Gasterosteidae (Wai & Hoar, 1963; Hentschel, 1979; de
Ruiter & Mein, 1982). During breeding season, the second proximal segment and col-
lecting duct of several Gasterosteidae species, including sea sticklebacks Spinachia
spinachia (L. 1758) and three-spined sticklebacks Gasterosteus aculeatus L. 1758 (Wai
& Hoar, 1963; de Ruiter & Mein, 1982), undergo glandular transformation in response
to androgens. The second proximal segment assumes a secretory role to produce a
glue-like material and the collecting duct becomes completely lined by mucous cells
(Hentschel, 1979). These renal secretions are utilized in nest building (Hentschel, 1979)
and the mucus produced by collecting ducts is hypothesized to assist in the expulsion
of the glue-like material produced by the second proximal renal tubules. The breeding
behaviour of T. tandanus and T. tropicanus is unique within Australian catfishes (King
et al., 2013) and it is possible that mucous production by the renal collecting tubules
may have a functional link to the breeding biology of these species. Tandanus tan-
danus are distinctive within Australian catfishes, as they construct nests, fan deposited





















































































Fig. 3. Opisthonephric duct of Tandanus tandanus, surrounded by connective tissue. Cells lining the tract contain
a basal nucleus (N), and foamy-appearing cytoplasm (Cy). Numerous intraepithelial lymphocytes are also
present (L). Haematoxylin and eosin staining.
Although knowledge of the breeding behaviour of T. tropicanus is currently limited,
there is evidence to suggest that this species also builds nests (B. C. Ebner & J. A.
Donaldson, pers. comm.). Although it is possible that renal mucus may be used by
T. tandanus and T. tropicanus during nest construction, as occurs in Gasterosteidae,
nests of T. tandanus are typically composed of gravel and no evidence of gluing or
cementing in these nests has been reported. This is supported morphologically, as the



















Fig. 4. The collecting ducts (D) of Tandanus tropicanus surrounded by connective tissue (C). The contents of
the cells lining the collecting ducts stain magenta and blue, indicating the presence of neutral and acidic
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secretory activity by the second proximal segment of the renal tubules, the segment
responsible for the production of the glue material used for nest construction in S.
spinachia and other species of sticklebacks.
A second possibility is that renal mucous secretion by T. tandanus and T. trop-
icanus fulfils a functional role involved in the protection of eggs within the nest,
similar to the suggested role of renal mucous production C. gobio (Hentschel,
1982). Similar to sticklebacks, the second proximal segments of breeding male
C. gobio also undergo androgen-dependent glandular transformation and secrete
sialoglycoprotein-containing mucus (Bucher & Hofer, 1993). As C. gobio do not
construct glued nests (Morris, 1955; Tomlinson & Perrow, 2003), the exact function of
the renal secretions of C. gobio is unknown (Hentschel, 1982; Bucher & Hofer, 1993).
Like T. tandanus, however, male C. gobio fan deposited eggs, possibly to prevent
invasion of the eggs with pathogens (Tomlinson & Perrow, 2003) and it is suggested
that renal mucus may serve a protective function in this case (Hentschel, 1982).
Although the hypothesis of a link between the unique breeding behaviour of T. tan-
danus and the unusual process of renal mucous secretion is compelling, there are sev-
eral factors to suggest that renal mucous secretion may fulfil a function unrelated to
breeding. The occurrence of collecting ducts lined by mucous cells of T. tandanus and
T. tropicanus sampled at various times throughout the year suggests these cells are
probably present throughout the year. As the breeding season of T. tandanus occurs
from spring to mid-summer when water temperatures increase, this would suggest that
the mucous cells in the species of Tandanus sampled are not present as a result of glan-
dular transformation during the breeding season, as is known to occur in species within
the family Gasterosteidae and Cottidae. Additionally, excluding isolated experimental
reports (Lake, 1967), the unique breeding behaviour of T. tandanus is undertaken pri-
marily by males (Lake, 1967), yet the mucous cells were present in specimens of both
sex. In species where there is a functional link between renal mucous secretion and
breeding behaviour, such as S. spinachia and C. gobio, the glandular transformation
of renal tubular cells occurred only in males during breeding season. These findings
suggest that renal mucous secretion in T. tandanus and T. tropicanus may more likely
fulfil a role unrelated to reproduction.
In Gasterosteidae, renal mucus is produced by the collecting ducts to serve as a lubri-
cant. Although no evidence of additional secretory activity was observed in the kidney
of either T. tandanus or T. tropicanus, it is possible that secretory activity of the prox-
imal tubules may be stimulated only at specific times of the year, or in response to
specific stimuli. At present the specific role of renal mucus in fishes is largely extrap-
olated from observations and reports on mucus produced by the skin and gills. The
level of involvement that mucus plays in physiological processes such as ion and gas
exchange and immune protection is often indistinct (Shephard, 1993), but these pro-
cesses are relatively conserved across species and are unlikely to explain the need for
specialised mucous secretion in T. tandanus and T. tropicanus.
The presence of mucous cells lining the collecting ducts of T. tandanus and T. trop-
icanus is an unusual finding in teleosts and similar reports in other species are often
linked to a specialised function for renal mucous secretion. The histologic and histo-
chemical observations of the renal collecting ducts of T. tandanus and T. tropicanus in
this study do not explain the functional role of renal mucous secretion in these species.
Further research into the normal seasonal renal morphology of T. tandanus and T. trop-
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ducts. Additionally, examination of the remaining species within the genus Tandanus
Mitchell 1838, the freshwater cobbler Tandanus bostocki Whitley 1944, is warranted
in order to determine if this feature is conserved across the genus. Improved knowl-
edge on the normal renal histology of T. tandanus and T. tropicanus will assist in a
greater understanding of the biology of this species and may shed further light on the
specialised role of mucus in fish biology.
This paper is part of the Fisheries Research and Development Corporation (FRDC) project
2012/050 Edwardsiella ictaluri survey in wild catfish populations, which is supported by fund-
ing from the FRDC on behalf of the Australian Government. All fishes were collected under
Animal ethics permit RW2618/13 approved by the Murdoch University Research Ethics com-
mittee, Queensland Fisheries Permit 151660, Northern Territory Fisheries Permit S17/3301 and
Western Australian Fisheries exemption 2603.
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